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Variations of Rates of Vascular Surgical Procedures for Chronic Critical 
Limb Ischaemia and Lower Limb Amputation Rates in 
Western Swedish Counties 
The Westcoast Vascular Surgeons (WVS) Study Group*t 
Objective: To assess a possible covariation between vascular surgery and amputation rates for critical limb ischaemia in 
defined western Swedish populations. 
Design and Setting: A retrospective study during 1 year of the total number of vascular reconstructions for chronic 
critical leg ischaemia nd amputations in the western Sweden area of health care. 
Main Outcome Measures: Correlation between vascular econstruction and amputation rates in subpopulations. 
Results: Patients undergoing amputation were 6 years older and had a significantly higher degree of dependent living 
compared with those subjected to revascularisation. The annual vascular econstruction rate for critical limb ischaemia 
varied between 2 and 45, and the amputation rate between 12 and 71 per 100000 population in the different catchment 
areas. There was, however, no negative correlation between amputation and revascularisation rates. 
Conclusion: We failed to demonstrate a negative correlation between amputation and revascularisation rates. Patients 
undergoing vascular reconstruction and amputation may represent different populations. Catchment areas with high 
vascular surgical activity did not have correspondingly ower amputation rates. 
Key Words: Critical limb ischaemia; Amputation; Population. 
Introduction 
One of the major goals for arterial reconstructive sur- 
gery of the lower limb is to prevent amputation. If
this is fulfilled, the impact of vascular surgery should 
be a postponement of amputation and/or  a frank 
reduction of the amputation rate. Several centres have 
reported a decreased amputation rate along with an 
increasing vascular reconstruction activity over time.~4 
Most population-based studies have, however, failed 
to confirm this correlation. 5-7 Register data from the 
Swedish National Health Board showed no negative 
correlation between amputation rate and lower limb 
vascular econstruction rate 1989-1990 (A. Od6n, per- 
sonal communication). That analysis was based on 
subpopulations of the whole of Sweden (23 counties 
and 286 districts). Reports based on centralised register 
data suffer from unknown or low accuracy, s The total 
number of vascular operations are often correlated to 
the amputation rate without exclusion of operations 
performed for reasons other than to prevent limb loss. 
The present study was not based on data from 
* Report prepared by C. Drott, Dept. of Surgery, BorSs Hospital, 
S-501 82 Boras, Sweden. 
~-Full details of the Westcoast Vascular Surgeons Study Group are 
listed in the Acknowledgements section of this article. 
centralised registers. Amputation rate was correlated 
to the number of vascular procedures undertaken 
for chronic critical limb ischaemia (CLI) in the total 
population of the health boards of western Sweden 
during 1992. As the vascular reconstruction activity 
varies considerably between hospitals, our hypothesis 
was that this would have an impact on the amputation 
rate in the respective population. 
Patients and Methods 
In 1992 the western Swedish area of health care had 
a population of 1 712 891 inhabitants. There were 14 
hospitals of various size and vascular surgical activity 
rates (Fig. 1). Amputation data from 1992 was collected 
from original operation calendars in each hospital. 
Vascular operation data were obtained from the Swed- 
ish Vascular Registry (SWEDVASC) except for 
Sahlgrenska hospital, which had not entered this re- 
gistry. Data from that hospital were collected from 
original operation records. Validations of SWEDVASC 
data have shown a higher inclusion rate compared to 
centralised national operation registers. 9 The reliability 
of data regarding operative procedures has been 98% 
when original patient files were reviewed (T. Tro6ng, 
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Fig. 1. The number of amputations (~) and vascular procedures for critical limb ischaemia ([]) performed at the hospitals of the western 
Swedish area of health care 1992. 
personal communication). The definition of chronic 
limb-threatening ischaemia was gangrene (black tissue 
on foot or toes), ischaemic ulcer (non-black tissue loss) 
or rest pain (requiring analgesia). There was no strict 
definition based on distal perfusion pressure meas- 
urements due to much missing data (30%). The mean 
ankle pressure of patients undergoing vascular surgery 
was 60mmHg, including cases of apparently in- 
compressible vessels. The indication for amputation 
in all registered cases was ischaemia with or without 
diabetes. The 5% of amputations that were performed 
for non-ischaemic reasons (trauma or tumour) were 
excluded from the analysis. Data on ankle pressure 
on patients undergoing amputation was missing in 
more than 50% of the cases, thus no mean was cal- 
culated. 
Statistical Methods 
The estimates of traditional catchment population size 
may be hampered by referral patterns or patients' 
preference for a hospital other than their local one. In 
order to achieve a more correct estimate of catchment 
population size, conditional probabilities for an in- 
dividual in a district to be operated at a specific clinic 
were calculated and corrections made for differences 
of age and sex distribution. Western Sweden was 
subdivided into 72 districts; the rest of Sweden was 
regarded as one district. The patients could be operated 
on at 14 different western Swedish hospitals, or at a 
hospital located outside western Sweden (regarded as 
one hospital). There were thus 73 possible 'districts' 
and 15 possible 'hospitals', which gives a total of 
73 x 15 different probabilities. The population size di- 
vided by sex and age of district i (or the rest of Sweden) 
is here denoted inhab. (i, sex, age). There is a large 
register, The Patient Register of the National Board of 
Health and Welfare, where all hospitalisations are 
registered. For example, the type of operation, the 
clinic where it is performed and the district one belongs 
to are all registered. In this investigation the surgical 
clinics in the western part of Sweden were studied. 
The conditional probability p(id) of being operated at 
clinic j, given that one is operated at any clinic and 
that one belongs to the district i, was estimated by the 
Patient Register. Thus the p(i,j)s describe the allocation 
to different clinics depending on the district one be- 
longs to. Compared to simple estimations of the size 
of catchment populations, the use of the conditional 
probabilities give a more correct picture. Furthermore, 
the risk of operation depending on sex and age, r(sex, 
age), was estimated for the western region by use of 
the material from the WVS Study Group. The expected 
number of operations at clinic j was calculated as 
~ ~ inhab(i,sex,age), r(sex, age) • 
p(id) 
i sex age 
Fischer's exact est (two-tailed at the significance l vel 
0.05) was applied for a comparison between clinics 
with less versus those with more vascular surgical 
activity than expected. The comparison was also per- 
formed with respect o amputations. 
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Table 1. Characteristics of patients who underwent amputation 
and vascular procedures for critical limb ischaemia, respectively. 
Amputation Vascular surgery 
Number 554 416 
No./mill 350 262 
Age (median) 81 75 
Male/female ratio 1:1 1:1 
Diabetes (%) 46 36 
Hypertension (%) 41 41 
Indication for surgery (%) 
Gangrene 65 14 
Ulcer 24 50 
Rest pain 11 36 
Residence preop (%) 
Independent living 35 83 
Nursing home 44 6 
Hospital 21 11 
Table 2. The distribution of the vascular procedures. There was 
no difference in the distribution between hospitals (p = 0.33). 
Procedure Percent 
Infra inguinal bypass 56 
Percutaneous angioplasty 11 
Aort0iliac-femoral bypass 8 
Extra-anatomic bypass 7 
Exploration without reconstruction 6 
Miscellaneous (endarterectomy, profundaplasty, 12 
etc.) 
Table 3. The reason for not performing primary or redo vascular 
surgery (%) in patients undergoing amputation. 
Not feasible for technical reasons 32 
Too high operative risk 6 
Bedridden 20 
Too extensive tissue loss 24 
Unclear reasons 18 
Results 
Vascular reconstruction was performed on 416 and 
amputation on 554 patients. Table 1 shows the char- 
acteristics of the patients who underwent vascular 
surgery and amputation, respectively. Vascular sur- 
gical procedures were primary in 89% and redo in 
11%. The various reconstructions are shown in Table 
2. Amputation within 30 days was carried out in 11.5% 
of the patients who underwent a vascular operation. 
Patients with gangrene had the highest risk (22%) of 
amputation and those with rest pain and no tissue 
loss the lowest (8%). 
Amputation had been preceded by ipsilateral vas- 
cular surgery at some time in 159 (29%) patients, (3% 
prior to 1991, 4% during 1991 and 22% during 1992). 
Amputation was performed below the knee in 64%, 
through the knee in 14% and above the knee in 22%. 
The reason for not performing primary or redo vas- 
cular reconstruction patients who were amputated 
is shown in Table 3. In 30% of the patients, amputation 
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Fig. 2. The annual number of amputations (N) and vascular pro- 
cedures for critical ischaemia ([]) per 100 000 population. Procedure 
rates and catchment populations of hospitals without vascular ser- 
vice have been pooled with their respective vascular referral hospital 
(denoted by +). Skene is pooled with Bor~s; FalkOping and Lin- 
k6ping is pooled with Sk6vde. 
Table 4. The number of actual and expected vascular procedures 
and amputations at the hospitals. The expected numbers are 
calculated from the mean of the whole population with correction 
for catchment population numbers, age and sex distribution. The 
+ sign denotes that the population and amputation figures of 
small hospitals, not performing vascular surgery, has been pooled 
with their respective referral hospital. 
Hospital Vascular procedures Amputations 
Exp. no. Obs. no. Exp. no. Obs. no. 
Sahlgrenska 51.4 60 64 95 
Ostra 74.3 94 92.4 87 
Bor~s + 55.4 61 70.8 64 
Halmstad 30.9 35 38.9 36 
M61ndal 16.4 2 19.5 17 
Sk6vde + 68.4 69 87.1 63 
Uddevalla 38.4 29 48.3 47 
Alings~s 6.9 2 8.4 10 
Kung~lv 14.5 6 17.7 18 
Va..rberg 33.1 32 41.1 40 
NAL 39.3 28 49.1 60 
was performed without prior angiography or as- 
sessment by a vascular surgeon. The number of am- 
putations and vascular procedures for each catchment 
area is given in Fig. 1. Figure 2 shows the number of 
procedures/100000 population when hospital am- 
putation rate and  catchment  for the hosp i ta l s  wh ich  
do  not  per fo rm vascu la r  surgery.  Table 4 shows  the 
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Table 5. The number of observed and expected vascular procedures 
and amputations at the hospitals. There is no significant correlation 
between vascular reconstruction rate and amputation rate. 
Vascular surgery Vascular surgery 
Obs <exp. Obs> exp. 
Amputation 3 4 
Obs. <exp 
Amputation 6 1 
Obs.> exp 
observed rate of amputation and vascular surgery 
compared to the expected rate based on the population 
and corrected for differences in age, sex and referral 
rate to other hospitals. Table 5 is a four-field table of 
the correlation between vascular econstruction rate 
and amputation rate. 
Discussion 
The European Working Group on Critical Leg Isch- 
aemia has calculated the annual incidence of critical 
ischaemia to be between 50 and 100 per 100000 popu- 
lation. 1° This study shows a variation from 2 to 45 
annual reconstructions for CLI and amputations from 
12 to 71 per 100000 population. Corresponding annual 
figures from Scotland 1981-1990 were 5-23 am- 
putations and 17-100 vascular econstructions. 7 Data 
in the latter study were obtained from centralised 
registers and the vascular procedures were not con- 
fined to critical limb ischaemia lone. Neither the 
present study nor the Scottish one found any negative 
correlation between the number of amputations and 
vascular econstruction rates in the populations. 
The spontaneous course of CLI is largely unknown, 
and evaluation of the benefit of arterial reconstructive 
surgery for lower limb ischaemia shampered by many 
confounding factors. Randomised studies comparing 
vascular surgery with nonoperative treatment are lack- 
ing. Any impact of vascular surgery on amputation 
rate should ideally be sought during several years 
after the time of reconstruction. Improved limb salvage 
claimed to be due to vascular surgery may, however, 
instead reflect changed referral patterns and patient 
selections over time, and should thus be considered 
cautiously. 1~Changes over time in amputation rate 
may represent changes in both patient population and 
treatment policy. As this study was carried out during 
a single year, the time factor is negligible. During the 
years preceding this study there were few changes of 
vascular surgeons and treatment policies in the various 
hospitals in Western Sweden. The differences in vas- 
cular surgical activity between hospitals were thus 
probably approximately the same during the years 
before and the study year. Availability of vascular 
surgical service and indications for reconstruction var- 
ies between hospitals and surgeons. The applied 
method of trying to assess areduced risk of amputation 
due to vascular surgery provides a large difference in 
relative amount of vascular procedures among the 
clinics. Our study aimed at using these differences to 
detect he impact of vascular econstructions on the 
risk for amputation. A reasonable presumption is that 
the catchment populations are homogenous with re- 
spect to vascular disease, as the age and sex factors 
are controlled. The failure to demonstrate indirectly 
amputation prevention by vascular surgery on a popu- 
lation basis may have several explanations. The criteria 
for limb-threatening arterial insufficiency are far from 
clear, despite the effort to produce the European con- 
sensus document on critical imb ischaemia. 12 Thomp- 
son et al. have criticised the predictive value of pressure 
measurements. ~3 Thus, as many as 54% of patients with 
CLI, according to the European consensus document, 
retain their leg 1 year after diagnosis. 14Our inability 
to predict he spontaneous course of CLI might lead 
us to proceed to vascular surgical intervention i cases 
too mild to be associated with a measurable increase 
in limb salvage. On the other hand, vascular re- 
constructive efforts in patients with too extensive tissue 
loss may be futile with regard to limb salvage in a 
high number of cases. This is illustrated by a 22% 
amputation rate within 30 days after vascular surgery 
in cases with gangrene. The referral pattern for am- 
putation is probably also different, depending on the 
policy of doctors responsible for nursing homes, etc. 
Some patients die from or with gangrene without 
amputation being performed before death. 
Patients undergoing vascular reconstruction and 
amputation represent different populations, as can be 
seen in Table 1. The amputated patients were, in 
the median, 6 years older and had a much higher 
dependence of living compared to those operated 
on with vascular surgery. A part of the population 
undergoing amputation might still have had benefit 
from vascular surgery, as 29% of the amputated 
patients had undergone previous revascularisation. 
In summary, this study failed to demonstrate r - 
duced amputation rates in association with increasing 
rates of vascular surgery for critical ischaemia in the 
population. 
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